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The most typical of such bonds are the 6 and bonds formed by tetravalent atoms such as carbon in saturated or conjugated structures (Fig. 1 which can often be approximated by a description using n and 6 bonds, sometimes with some systematically empty or full broken 6 bonds on each atom (incomplete octets).
The nature of 0' and n bonds in small molecules is most simply analysed in a molecular orbital approximation where each electron is assumed to move through the molecule with a wave function built as a linear combination of atomic orbitals [1] , [2] , [3] . In 6 (and 7r) bonds : a) three dimensional crystal of (sp3) bonds ; b) three dimensional amorphous array of (sp3) bonds ; c) two dimensional crystal of (sp2) bonds ; d) two dimensional amorphous layer of (sp') bonds ; e) chain of (sp) bonds.
tetrahedrally bonded atoms (n = 3, figure 1 a) lead to three dimensional aggregates (cubic or hexa-'gonal diamond structures or amorphous aggregates with the same topology) (Fig. 4a, b (Fig. 4e ).
Systematic breaking of one (sp') u bond on each atom would lead to corrugated layers (Fig. 5a ).
Systematic breaking of two (sp') Q bonds or of one (sp') Q bond on each atom would lead to zigzagging chains or helices (Fig. 5b) [7] assumed that the correlation hole around each valence electron has an atomic size, so that each valence electron experiences, in the atom where it moves, a potential which is that of a singly ionized ion, as it would in a neutral gaseous atom. This has indeed been a frequent assumption in band structure computations. With such an assumption, the potential interaction of the electron with the other (neutral) atoms can be neglected ; and a summation over the one electron energies in the occupied part of the valence band does not count twice the interaction between électrons, a usual difficulty in one-electron pictures [8] .
Thus [9] In (14) and (15) , the slow change of n(E) with z has been neglected, an approximation made through all this paper.
The saturation of the s shell for z = 2 in the monoatomic gas of reference introduces a dent in Ee(z), with a slope dEe/dz increasing discontinuously by [6] , [10] , [11] , the band structure of the 6 bonds varies with the bond length d, i.e. the ratio between Pa and L1, in the way schematized figure 6a and b. [ 11 ] Figure 10 pictures E,(z) in this limit.
In the non hybrid regime, one could give a similar development -in 1 Pa [/4. In the extreme non hybrid regime d » d,, it is clear that the s and p bands become independant. Figure 11 pictures that limit for n = 1, 2, 3, using the fact that the non degenerate atomic level which broadens into a band of width w = 2 1 Pa 1 contributes to cohesion a nearly parabolic term of For n = 1, the chains structures ( Fig. 4e ) have two orthogonal (resonant) 7r bands, corresponding to px and py orbitals respectively. Thus the density of states in the n bands is (Fig. 12a (Fig. 4d ). An analysis siniilar to those for s and d bands in metals [8] , [9] shows that, for the structures involved, the cohesive Experimentally, figure 20 shows that, when computed with the monoatomic gas as a reference [1] [6] , [11] (Fig. 6) 3. 1 z = 4. -The marked peak in cohesion observed for z = 4 can qualitatively be related to the special stability of the diamond structure, with its especially large gap (Fig. 7) . The decrease when going down the periodic table is related to the decrease in dl de and corresponding decrease in energy gap.
An order of magnitude of the transfer integral Pa can be deduced from the observed promotion energy à = 4 1 A and from the energy gap g between valence and conduction bands. Table 1 gives the experimental values of ô and g, where for g the minimum values related to the indirect gap are used [12] , [13] . The values of ô are somewhat uncertain, because the terms related to sp3 configurations are poorly known, and because some simplifying assumptions must be made to deduce ô [14] , [15] , [16] , [17] . This point will be further studied in a next paper. The use of equation (29) should nevertheless give a reasonable approximation of a more exact computation of Ec. [19] show that the energy difference between the two phases, although finite, is small in Si and Ge. It is related to transfer integrals between sp' orbitals which do not point along a common bond, and are thus small and neglected here [20] .
We find also that, for tetravalent elements, these iwo structures (diamond cubic and diamond hexagonal) should be more stable, at low temperatures, than any of the other phases discussed above. The difference in energy is however a minimum for the graphitic layer structure, with an energy e) The experimental values of cohesion have been corrected to refer to the monoatomic gas [1] , [12] . Numerical errors affect the values of b used in reference [11] . figure 16 is mostly compensated by the presence of a n band in that range of energy). If one takes into account the interlayers or interchains interactions [22] neglected here, it is thus not surprising to observe structures near to the corrugated layers of figure 14 (Fig. 24a) [23] .
2. -For z = 7, the expected simple cubic structure is replaced by p bonding in diatomic molecules (Fig. 20d) [27] . ( 3) The other metallic solids discussed here are semimetals, with small densities of states at the Fermi level. In graphitic layers, this occurs by a special folding of the E(k) curves which leads to a vanishing density of states for a half filled band (cf. Appendix D). In such two or three dimensional semimetals, the electron-phonon terms responsible for the lattice modulations are small [25] . The main weaknesses are as follows :
-The absolute magnitudes of cohesion computed are too large.
-The peak in cohesion observed for z = 4 is sharper than computed.
-Thé special stability of layer and chain structures observed for z = where ab is along oz for sp and sp' and along the diagonal of the cube for sp3.
In a similar way, the transfer integrals between two spn hybrids which do not point along the same bond are as follows (Fig. A. 1 (20) and (24) , equation (25) (Fig. A .1 ).
An extension of assumptions (1) to (4) (Fig. D. 1 c) , and for the FCC sublattice associated with the diamond cubic structure (Fig. D. Id) , y = 0 and -2 respectively, as shown by expansion of E(k) around k = (4 7ï:/3 a, 0) and (2 nla, 0, 0) respectively.
Thus the two subbands n(E), for E ; ES, meet with a constant value of n(Es) for the diamond cubic lattice, and also for the diamond hexagonal, owing to the identity of v'(9') for the FCC and HCP s bands structures. But n(E) goes to zero with a finite slope (dn/dE) at A = E, (Fig. D. 2) 
